Pilates may be a beneficial method of exercise for people with Parkinson's disease (PD). However, no studies have critically reviewed the scientific evidence in this regard. The purpose of this study was to conduct a systematic review and meta-analysis on the effectiveness of Pilates as a rehabilitation strategy for PD. A systematic search of the electronic databases PubMed, PEDro, Scopus, and SPORTDiscus was conducted to identify studies related to the effect of Pilates on PD. The search timeframe ranged from the inception of each database to March 2019. The search resulted in the identification of four randomized controlled trials (RCTs) and four non-RCT studies. The methodological quality of the investigations ranged from poor to fair. The descriptive analysis of the eight investigations showed that Pilates resulted in beneficial effects on fitness, balance and functional autonomy. A subsequent meta-analysis on the four RCTs indicated that Pilates was more effective than traditional training programmes in improving lower limb function. Pilates can be safely prescribed for people with mild-to-moderate PD. Preliminary evidence indicates that its practice could have a positive impact on fitness, balance and physical function. Its benefits on lower-body function appear to be superior to those of other conventional exercises. Future randomized studies with greater samples are needed to confirm these observations.
Introduction
Parkinson's disease (PD), the second most common neurodegenerative disease in the world, generates large social and health costs [1] . The impairment caused by PD is largely due to motor dysfunction that progressively limits the functional autonomy of the patient [2] . The medical and surgical therapeutic advances to date have been remarkable, but not definitive, in correcting the symptoms of the disease. For this reason, it is important to evaluate the effects of parallel alternative therapies, among which physical exercise stands out due to its low cost and absence of side effects [3] . Scientific evidence shows that exercise training programmes have a beneficial effect on motor symptoms such as gait, balance, fall risk and physical function [4] , as well as non-motor symptoms, including cognitive function, sleep disorders and quality of life [5] , in people with PD.
The Spanish national health system is public, universal, accessible, and efficient [6] . However, despite the importance of exercise as a rehabilitation strategy, in the current health system, there are no specific rehabilitation programmes in public hospitals, patient groups, or organizations for people with PD. It has been suggested that neurologists should identify the types of exercises optimal for PD patients and ensure that the methods are safely and effectively implemented [7] . In order to do so, however, neurologists must have up-to-date, detailed, and quality information on the effects of physical exercise on PD. This type of information is generally found by reading published reviews and meta-analyses on the subject.
There are currently several PD reviews that have focused on the feasibility and effectiveness of traditional forms of exercise, such as aerobic and resistance training, as well as that of a more alternative nature, such as martial arts and dance. To date, however, no such study has been published on the practical use of Pilates as a rehabilitation strategy that could improve adherence to exercise in people with PD.
Pilates is a mind-body exercise approach, initially created by Joseph Pilates as a training method for people who were already fit. The original set of exercises has evolved the point that a sound modern interpretation of Pilates can be applied to both fit and unfit people [8] . For rehabilitation purposes, the Pilates method aims to improve posture and control of movement via neuromuscular control techniques, which are believed to improve lumbar spine stability by targeting the local stabilizer muscles of the lumbar-pelvic region [9] . In the field of physical therapy, there are two primary ways of practicing Pilates. The first is "Mat Pilates", which is focused on the performance of exercises on a mat on the floor. The second, usually known as "Apparatus or Equipment Pilates", is carried out by means of a resistant apparatus or barrels [10] .
A relevant issue in any long-term exercise programme is its adherence. This is especially challenging for people with PD since they face several barriers. Maintaining long-term adherence to any exercise program is challenging for people with PD due to the existence of several barriers of exercise that they must face. For instance, to motivate this population to exercise, it is important that they expect to derive benefit from its practice [11] . In this regard, there is evidence that Pilates is an effective form of exercise for patients with multiple sclerosis, a neurological disorder that impairs motor and non-motor function [12] , as in the case of PD.
Other barriers to exercise include lack of time and transportation difficulties [11] . In relation to this, Pilates is an activity that can be performed independently by the patient after a short period of training at home. Finally, the novelty of the programme has been regarded as an important fact that improves adherence to exercise by people with PD [13] . Therefore, Pilates can be considered an exercise that can be developed without supervision or the need to register or move to a specific facility. Furthermore, patients may feel that Pilates can help with controlling the symptoms of their condition and thus, feel attracted to the innovative approach of Pilates.
In the light of all this, the purpose of this systematic review was to identify and critically analyze existing scientific evidence on the feasibility and benefits of Pilates for PD.
Materials and Methods

Data Sources and Searches
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) checklist [14] . The systematic review process is included in Figure 1 . The selected search strategy and methods of analysis were registered in the PROSPERO database (ref: CRD42019131779). An electronic search was performed in PubMed, PEDro, Scopus and SPORTDiscus databases during March 2019.
Based on the Population, Intervention, Comparison and Outcome (PICO) strategy and following the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions [15] , only the terms regarding the population and the intervention were used in a combination of MeSH and free-text terms. Therefore, the keywords used were "Pilates" and "Parkinson's disease", with the Boolean operator "AND" between terms (See Appendix A). Additional searches of relevant references within included articles and existing systematic reviews were performed manually. The titles of all the studies found in every database and after checking the reference list of the included papers were registered on an Excel worksheet in order to detect duplicated publications. 
Eligibility Criteria
Randomized and non-randomized controlled studies were included if they satisfied the following criteria: (a) reporting the original data for any type of Pilates intervention; (b) the target population was people diagnosed with PD; (c) reporting at least one outcome measure related to the main PD symptoms. Studies were excluded if they: (a) included people with several neurological impairments, unless separate data were available for the PD subgroup; (b) did not describe the physical training programme carried out; (c) analyzed the effects of an isolated exercise session; (d) used Pilates in combination with other rehabilitative therapies; (e) were written in a language other than Spanish, Portuguese or English.
Data Extraction
Information on the study design, sample characteristics, Pilates programme, study variables, assessment tools, and relevant results were extracted from the original reports by one researcher and checked by a second investigator. The data extraction procedure was not blind, as the names of the authors of the selected studies and the title of the journals in which they were published were identifiable. Missing data were obtained from the study authors whenever possible.
Quality Assessment
The methodological quality of randomized controlled trials (RCTs) was determined by using the PEDro scale [16] . The total score obtained in this scale served to differentiate the quality of the investigations between "high" (6 or more points) or "low" (5 or fewer points) [17] . For the non-RCT studies, the "Quality Assessment Tool for Before-After (Pre-Post) Studies with No Control Group" (NIH) [18] was applied. This scale includes 12 questions from which a total score is obtained. The quality of each study was classified as "poor", "fair" or "good". Two authors of the present study independently administered both scales. The authors next compared and contrasted the scores provided by each for all the studies. In cases of score disagreement, a third author was asked to independently score the studies in question in order to reach a consensus.
Data Synthesis
Only RCTs were included in the meta-analysis. When at least two RCTs reported baseline and post-treatment data on homogeneous outcome measures, a meta-analysis was intended to be carried out [19] . For this purpose, pooled effect sizes were estimated according to a fixed effect model and a random-effects model. Hedges' g and the 95% confidence intervals (95% CI) were calculated to assess the difference in change between the Pilates intervention and comparison group using the baseline and post-treatment sample sizes, means (M), and standard deviations (SD) for the selected variables. Heterogeneity was assessed using I 2 statistics. Hedges' g was considered significant when their 95% CI excluded zero, while pooled Hedges' g values were interpreted according to Cohen [20] , whereby effects were considered small (0.2), medium (0.5), and large (0.8). Positive effect size estimates were indicative of the Pilates intervention having a positive post-treatment effect on the corresponding outcome variable, with negative values favouring the comparison group. The significance level was p < 0.05 for all analyses. Data were analyzed using Stata Software version 15.1 (Stata Corporation, College Station, TX, USA) [21] .
Results
Design and Samples
Out of the 28 studies initially obtained, eight were finally selected, including four RCTs [22] [23] [24] [25] and four non-RCT studies [26] [27] [28] [29] (Figure 1 ). The four RCTs were combined in the meta-analysis. Inclusion was based on pre and post comparable information regarding the effects of Pilates on functional mobility and lower limb strength for both the comparison and Pilates groups.
Quality Assessment
The methodological quality of the RCTs was considered "poor" in the four studies analysed [22] [23] [24] [25] . The non-RCT studies showed methodological quality ranging from "poor" [26] to "fair" [27] [28] [29] . (Table 1) . 
Note. Y, yes; N, no; NA, not applicable; NR, not reported. * Not included in total score.
Interventions
The main characteristics of the proposed Pilates interventions are shown in Table 2 . With the exception of one study, all the interventions were based on the performance of mat Pilates, including exercises assisted by materials such as an elastic band or Swiss ball, except for one study that used machines, specifically a reformer [29] . The duration of the programmes ranged from 6 to 12 weeks and included 60-min sessions conducted 2-3 times per week. The interventions focused primarily on improving muscle strength and range of motion, particularly the core and lower limbs. For the duration of the programmes, the difficulty, duration, and repetitions of the exercise were gradually increased according to the conditions of the participants.
In a total of three studies, Pilates was compared with other training interventions based on walking [23, 24] or calisthenics [22] . In one study, participants in the Pilates group were asked to exercise at home to maintain continuity of treatment [25] . • 30SCS (reps)
Attrition: NR Adherence: NR Adverse Events: NR Intergroup Differences (Post-Test): Improvements favored the IG more than the CG in:
Intragroup Differences (Pre-Post): Improvements for IG in: 
Compliance and Adverse Events
During the interventions, a loss to follow-up of 6.25% was reported in one investigation [24] , and 7.69% for another [22] . All participants completed the intervention in three studies [26, 27, 29] , whereas the remaining three studies failed to report attrition rates [23, 25, 28] . On the other hand, only two studies recorded adherence, both of which were higher than 80% [22, 27] .
No adverse events were observed in two studies [22, 29] . An additional two studies reported only minor adverse effects in the intervention conditions, including one participant suffering mild side effects such as fatigue, muscle pain, and cramps [24] , and another participant experiencing mild dizziness [27] . The remaining four studies failed to report the presence or absence of any adverse events [23, 25, 26, 28] .
Main Outcomes
Physical Fitness
Half of the studies analyzing the effects of Pilates indicated significant improvements in variables related to physical fitness. Specifically, participants showed positive changes in lower limb strength [22, 23, 28] , upper limb strength [27, 28] , lower limb flexibility [27, 28] , lumbo-pelvic stability [23] , aerobic endurance [27] , and body mass index [22] . Interestingly, one of the non-RCT studies indicated benefits of Pilates on the general physical fitness of the participants [26] .
Balance
Three RCTs found significantly larger improvements in the Pilates treatment than in comparison conditions [23] [24] [25] . Four studies comparing balance before and after Pilates treatments also found significant intragroup improvements [23] [24] [25] 29] . In addition, two studies [25, 29] included balance confidence during daily activities as an outcome measure. Pandya et al. [25] indicated significant improvement after the Pilates programme, while Johnson et al. [29] found only marginal benefits.
Functional Mobility
Statistically significant changes were observed in three of the five investigations that analyzed functional mobility, measured by the Timed Up and Go (TUG) test [22, 24, 25, 28, 29] . In three studies, the practice of Pilates resulted in significant improvements in the time required to complete the test [22, 24, 26] , while Johnson et al. [29] demonstrated significant benefits in cadence in terms of steps/minute.
Quality of Life
Out of the two studies [27, 28] that analyzed the impact of Pilates on patients' reported quality of life, only one reported significant benefits [27] .
Results of the Meta-Analysis
Data from a total of 112 (57 intervention and 55 comparison) participants across four RCTs were included in the meta-analysis to compare the effects of intervention groups with comparison groups. Two RCTs reported outcome data for the 30-Second Chair Stand (30SCS) test [22, 23] , and three RCTs reported outcome data for the TUG test [22, 24, 25 ]. An Egger's regression test [30] on the TUG (s) outcome indicated no presence of publication bias (bias = −12.31, p = 0.468). Publication bias could not be tested on the 30SCS outcome as it only contained two effect size estimates. Both variables were related to lower-body functioning, which were reported as Hedges' g for each variable and the pooled estimates. Please see Figure 2 for complete analyses.
When assessing the impact of Pilates programmes on the lower-body functioning of individuals suffering from PD, significant heterogeneity between studies was observed. Pooled effect sizes from two RCTs reported a significant difference in 30SCS, with a pooled Hedges' g = 2.52 (95% CI = −0.01, 5.05; p < 0.001); I 2 = 90.3%; p < 0.01, indicating that Pilates had a greater improvement on the 30SCS test than the comparison group. Notably, the lower CI included negative values, however these values were negligible. Similarly, pooled effect sizes from three RCTs reported a significant difference in TUG, with a pooled Hedges' g = 1.09 (95% CI = 0.14, 2.05; p < 0.001); I 2 = 74.3%; p < 0.05, indicating that Pilates had a greater improvement on TUG test than the comparison group. The overall pooled results showed a significant improvement in global lower-body functioning, Hedges' g = 1.62 (95% CI = 0.60, 2.64; p < 0.001); I 2 = 83.8%; p < 0.001.
5.05; p < 0.001); I 2 = 90.3%; p < 0.01, indicating that Pilates had a greater improvement on the 30SCS test than the comparison group. Notably, the lower CI included negative values, however these values were negligible. Similarly, pooled effect sizes from three RCTs reported a significant difference in TUG, with a pooled Hedges' g = 1.09 (95% CI = 0.14, 2.05; p < 0.001); I 2 = 74.3%; p < 0.05, indicating that Pilates had a greater improvement on TUG test than the comparison group. The overall pooled results showed a significant improvement in global lower-body functioning, Hedges' g = 1.62 (95% CI = 0.60, 2.64; p < 0.001); I 2 = 83.8%; p < 0.001. 
Discussion
In this study the existing scientific evidence on the effectiveness of Pilates as a rehabilitation strategy in patients with PD was examined and critically reviewed. For this purpose, the search was designed to find the largest number of studies, regardless of their design. This was due to the fact that, when examining the existing scientific evidence on a physical therapy and the number of RCTs found is small, it is difficult to draw consistent conclusions. In addition, non-RCT studies may also provide relevant information on proposed interventions, such as feasibility, dosage, in terms of types of exercises, repetitions, series and rests, and the existence of adverse effects [12] . Knowing all these details can assist neurologists and medical professionals in deciding whether to recommend Pilates to patients as a form of physical therapy.
In addition to the small number of reports found using the search strategy mentioned, half of these used a single-subject design with small sample sizes. In addition, the four RCTs analyzed showed a poor methodological quality, mostly due to a lack of concealed allocation and blinding. Considering these circumstances, the findings presented herein should be considered as preliminary evidence and therefore, should be interpreted with caution. 
In addition to the small number of reports found using the search strategy mentioned, half of these used a single-subject design with small sample sizes. In addition, the four RCTs analyzed showed a poor methodological quality, mostly due to a lack of concealed allocation and blinding. Considering these circumstances, the findings presented herein should be considered as preliminary evidence and therefore, should be interpreted with caution.
Physical exercise is known to have beneficial effects on PD patients and they are more motivated to practice it if recommended by their physician or neurologist [31] . However, it appears that neurologists do not usually prescribe physical exercise to PD patients in their early stages [32] . The present review affords some relevant information that may contribute to increase the current knowledge on the viability of Pilates as part of an integral rehabilitation strategy in patients with PD.
Before prescribing any kind of physical therapy, its feasibility should be evaluated. Only one of the studies analyzed in this review addressed this issue and concluded that Pilates was a feasible therapy for people with PD. Although not all the investigations provided accurate data in this regard and judging from the findings of those studies in which information related to adherence, drop-outs and adverse effects were reported, it seems that Pilates can be a feasible rehabilitation approach in this population.
It has been reported that the self-perceived benefit of the training programme is a major reason why PD patients decide to start exercising [32] . In the present review, the practice of Pilates seemed to be effective in improving physical fitness, an aspect to be taken into account in the design of physical exercise programmes for this population [33] . In addition, it appears to contribute to the improvement of balance problems, as three of the studies that analyzed intra and intergroup changes in this variable reported significant improvements. This finding is worth mentioning given the importance of physical rehabilitation to improve balance, contributing to the stability of the gait pattern and reducing the risk of falls [34] . Nevertheless, given the low number of studies found and their characteristic, more solid conclusions cannot be made. This indicates that patients' expectations regarding the impact of Pilates on their fitness and balance levels should, at most, be modest. It should also be noted that only two studies integrated quality of life as a study variable and only one of them found improvements in it. This indicates the need for further research in this regard.
The importance for Pilates interventions to be replicated in future studies or by practitioners should not be overlooked. Presently, Pilates is regarded a popular therapy in mainstream exercise and rehabilitation. As a consequence, a variety of Pilates instructors have emerged, including ex-dancers and fitness professionals, who usually perform Pilates-inspired programmes created to capitalize on the popularity of the method [10] . However, the proposed exercises are not Pilates techniques at all. To avoid this malpractice, proper Pilates exercises based on traditional application of physical therapy principles focused on the maintenance of an optimal posture, the contraction of truncal muscles and proper breathing during the exercises, should be performed under the initial supervision of a certified instructor or physiotherapist. All the studies selected in this review included well-known Pilates exercises that, in some cases, were adapted to the characteristics of the participants, also known as pre-Pilates. However, not all the interventions were described in detail, which restricts the possibility of replicating some of the training programmes proposed. Moreover, only three studies specified that a physiotherapist or a qualified Pilates instructor led the programme. This fact could be misleading, since Pilates is considered a well-stablished physical therapy method, and only specialists in this field should be allowed to design and instruct these kinds of programmes, especially those aimed at restoring function in people with PD.
Despite the small number of RCTs found, all included relevant information on the effects of Pilates on the functionality of the lower limbs, which could also be meta-analyzed. Judging from the scarce available literature, there is evidence indicating that their practice could be more effective than more traditional training programmes. This is a factor to consider in the prescription of Pilates to patients with PD, and it is expected that increases in the strength of the lower limbs and in functional autonomy will translate into improvements in their functional mobility, allowing them to face daily activities with greater safety and efficiency [35] .
The study presented herein provides preliminary evidence indicating that Pilates may be prescribed to patients with PD as a feasible therapy that could lead to positive changes in their physical fitness, balance and functionality of their lower limbs. However, the absence of studies on the benefits of Pilates on other important motor and non-motor symptoms of the disease, for example anxiety, depression, or apathy, does not allow us to conclude that it is equally or more effective than other physical rehabilitation modalities for these patients.
When interpreting the results of a systematic review, a number of limitations related to both the characteristics of the selected investigations and the methodological design of the study review should be taken into account. Regarding to the first aspect, the reduced number of studies found, the small sample size of some of them, and their generally low methodological quality indicate the need for more research to consolidate the existing scientific evidence. In addition, the participants included in the studies showed mild-to-moderate PD according to stages I-III on the Hoehn & Yahr scale [36] . Consequently, the findings do not apply to patients in later stages of the disease. As far as the design of the present work is concerned, restricting the languages used for the search, not having reviewed the grey literature and the possible existence of publication bias were the main methodological weaknesses to be recognized.
Conclusions
Pilates can be safely prescribed for people with mild-to-moderate PD. Preliminary evidence indicates that its practice could have a positive impact on fitness, balance and physical function. Its benefits on lower-body function appear to be superior to those of other conventional exercises. Future randomized studies with greater samples are needed to confirm these observations. 
